A closed-book, multiple-choice examination following this article tests your under standing of the following objectives:
Risk of pressure ulcer development is considered higher with HOB elevation greater than 30º because of the increased load on pressure points when patients are in semirecumbent or lateral positions. 19, 20 Guidelines for preventing pressure ulcers recommend HOB elevation of 30º or less. 21, 22 Based on these conflicting guidelines and difficulty maintaining higher HOB elevations, a study was needed to compare the outcomes of reflux, aspiration, and pressure ulcers simultaneously. 23 The objectives of this study were (1) to determine the feasibility of achieving an HOB angle of at least 30º, (2) to describe and compare the occurrence of reflux (pepsinpositive oral secretions), aspiration (pepsin-positive tracheal secretions), and pressure ulcer development (per National Pressure Ulcer Advisory Panel guidelines) at HOB elevations of 30º and 45º, (3) to determine the association between lowered HOB and reflux, and (4) to determine the association between patients' characteristics and reflux.
Methods
A 2-day crossover trial was conducted with random assignment to HOB elevation sequences. The HOB was elevated at 30º for 12 hours on day 1 and at 45º for 12 hours on day 2 or the HOB was elevated at 45º on day 1 and 30º on day 2. A 12-hour nighttime washout period allowed elimination of the effects of the first day's HOB elevation. The nurse positioned the patient per clinical needs and the patient's preference during the washout period. HOB elevation at 30º was considered the standard of care (control). The experimental intervention was 45º HOB elevation. The hospital's institutional review board approved the study, and informed consent was obtained from surrogates.
The research nurse documented when the HOB elevation differed from the assigned angle because of the patient's request or because clinicians had lowered the HOB. Management of the ventilator and extubation were performed by the multidisciplinary team in the intensive care unit (ICU).
Setting and Sample
Patients were recruited from a medical and surgical ICU of a large Midwestern universityaffiliated hospital. A screening filter identified patients with tube feeding orders in the electronic medical record. Major inclusion criteria were (1) confirmed gastric location of feeding tube, (2) ventilated per endotracheal tube, (3) at least 18 years of age, (4) approval to randomize patient to 45º, and (5) anticipated mechanical ventilation and tube feeding duration of 48 hours. Exclusion criteria are listed in the Figure. P ositioning of gastric-fed patients receiving mechanical ventilation is an important nursing intervention to decrease gastroesophageal reflux, aspiration, and ventilatorassociated pneumonia. In supine patients, the esophagus is positioned horizontally. With 45º head-of-bed (HOB) elevation, the esophagus is above horizontal and reflux of gastric contents is counterbalanced by gravity. 1 To reduce the risk of aspiration, many organizations' guidelines recommend 30º to 45º HOB elevation for patients receiving mechanical ventilation. [2] [3] [4] [5] [6] The guidelines are based on several studies [7] [8] [9] [10] [11] [12] that indicated that aspiration or rates of ventilator-associated pneumonia were lower when HOB elevation was at or near 45º compared with having the patient supine or the HOB elevated less than 30º. However, several studies [13] [14] [15] [16] [17] [18] demonstrated that patients are usually maintained at HOB elevations less than 30º. Rose et al 17 stated that maintaining patients at 45º HOB elevation may not be clinically feasible.
device was moved throughout the oral cavity until no further secretions were obtained. No saline was used to rinse the suction device. Tracheal secretions were obtained via the endotracheal tube with an inline suction catheter (Ballard Medical) as the patient's condition warranted, typically every 2 to 3 hours. No saline was instilled into the endotracheal tube. Saline was used to rinse tracheal secretions into the sputum trap.
A Western blot immunologic analysis was used to measure pepsin in secretions as described elsewhere. 24 Results were interpreted by a biochemist blinded to HOB assignment. The assay was interpreted as positive if pepsin was detected in a concentration of 1.5 µg/mL or higher. The extent of reflux and aspiration were computed as the percentage of pepsin-positive oral and tracheal secretions, respectively.
Skin was assessed by the principal investigator at pressure points (sacrum/coccyx, buttocks, and bilateral trochanters) for skin redness, discoloration area compared with surrounding skin color, and
Data Collection and Procedures
Before study recruitment, nurses received education on the study and on operation of the HOB gauge. All data were collected by 1 of 2 nurses (principal investigator or ICU research nurse). An electronic HOB gauge (Nextronics Patient Position Monitoring System) placed on the undersurface of the bed frame recorded HOB angle every 30 seconds, with a range from -20º to +90º. A second device placed near the recording device also had a digital display component placed on the side rail of the bed. The HOB angle in degrees was displayed when a button on the digital display was pushed. Nurses were instructed to use the display when repositioning patients. The research nurse assisted with repositioning of patients. A sign with HOB assignment was suspended above the patient's bed. The signs were removed during the night. At the end of the 36 hours, HOB data were downloaded.
Oral secretions were obtained hourly or when of sufficient volume to clear the Argyle Rigid Yankauer (Kendall, Covidien) suction device. The Yankauer Each time a patient was repositioned, the pressure area relieved from the dependent position was examined. Patients' charts were reviewed 48 hours after study completion to document pressure ulcers. Study variables are summarized in Table 1 .
Analysis
HOB data were downloaded to Excel (Microsoft Corporation). Data were entered for analysis into SPSS 18 (IBM Corporation). Nonparametric statistical tests were used because of the small sample size. Median differences were examined with Wilcoxon signed rank tests. A 2 × 12 (condition × hour) repeatedmeasures Friedman test was used to analyze changes over time on number of minutes lowered and mean HOB angle when lowered. Kendall τ correlations were used for association analyses.
Results
A total of 143 patients with gastric tube feeding orders were screened for a final convenience sample of 17 patients (see Figure) . Two patients who were extubated before enrollment were not randomized. Eleven patients completed the 36-hour data collection period. Four patients were extubated early and had partial data included in the analysis.
Characteristics of Patients
Patients' characteristics and the interventions used are shown in Table 2 . No patient received prokinetic agents. Three patients were overweight according to their body mass index (BMI, calculated as weight in kilograms divided by height in meters squared; overweight, 25-29.9), 7 patients were obese (BMI, 30-39.9), and 2 patients were obese class III (BMI > 40). 26 A total of 103 gastric residual volume (GRV) measurements were obtained and were less than 100 mL for 82% of measurements. Eight GRVs were 250 mL or greater. BMI, GRV, and score on the Acute Physiology and Chronic Health Evaluation (APACHE) II showed no significant relationships to the percentage of pepsin-positive oral secretions. A significant negative correlation was observed between scores on the Richmond Agitation-Sedation Scale (RASS) and reflux (τ = -0.429, P = .03). As sedation deepened (higher negative RASS score), the percentage of pepsin-positive oral secretions increased.
Feasibility of HOB ≥ 30º
HOB angle within 2º of the assigned elevation was considered achievement of the assigned HOB elevation because of potential variation in the angles reported by the measuring and display device. Minutes lowered, HOB angle when lowered, and overall mean HOB angle were all significantly different between HOB assignments (Table 3) . Mean HOB during the night was 33.4º. The HOB angles were lowered 66 times during 30º hours and 76 times during 45º hours. Patients were placed in Trendelenburg position on 13 occasions, 11 for repositioning, once for placement of a central venous catheter, and once for removal of a central venous catheter. Minutes lowered and mean HOB angle when lowered were not significantly different over time for either 30º or 45º hours. Lowering the HOB to reposition a patient (moving toward HOB and turning) most often took 0.5 to 2 minutes and sometimes took up to 5 minutes. Reasons and frequency of lowering HOB at each assignment by clinicians, other than for repositioning, are outlined in Table 4 .
No patients requested the HOB be lowered while the HOB was elevated at 30º. Two patients requested the HOB be raised higher for more comfortable breathing. Three patients requested the HOB be lowered from the 45º assignment for a combined total of 1230 minutes. One patient slid down in bed when the HOB was raised to 45º for a total of 240 minutes.
No patients required invasive hemodynamic monitoring. Two patients experienced hypotension patients had either a pepsin-positive oral (n = 5) or tracheal secretion (n = 7). When both specimens were available, 3 were both pepsin-positive (reflux and aspiration); 1 occasion resulted in a pepsin-positive (mean arterial pressure < 60 mm Hg) and required initiation of vasopressor medications. Both patients experienced hypotension during 30º hours and were maintained near 30º with titration and discontinuation of the vasopressor infusion.
Reflux and Aspiration Occurrence
Initially, obtaining oropharyngeal secretions was planned. Low sedation scores per the RASS led to concern for elicitation of the gag reflex and induction of reflux. Therefore, secretions from the oral cavity were suctioned. Overall 44% of oral and 62% of tracheal secretions were positive for pepsin. Secretion results at each HOB assignment are detailed in Table 5 .
Pressure Ulcer Development
All patients were identified as at risk for pressure ulcer development. 25 No patients had a pressure ulcer develop. All patients were on low-air-loss pressurerelieving mattresses (Hill-Rom Corporation). Use of pressure-relieving mattresses and turning patients every 2 hours is the standard of care for both ICUs. Each day resulted in 12 opportunities for repositioning. The total number of turn opportunities was derived from the number of patients with data collected at the start of each hour. Patients were turned on 154 of the 310 turn opportunities, demonstrating every 2-hour repositioning. Patients were positioned on their right side for 123 observations (36%), left side for 96 observations (28%), and back for 120 observations (36%).
HOB Angle and Reflux
Minutes that the HOB was lowered, the mean angle when lowered, and the overall mean angle were correlated with the percentage of pepsin-positive oral secretions for each HOB assignment. Kendall τ correlations were not significant for minutes lowered at each HOB assignment (P = .46 at 30º and P = .67 at 45º). Correlations were also not significant for mean HOB when lowered at each HOB assignment (P = .67 at 30º and P = .96 at 45º). The overall mean HOB angle and the percentage of pepsin-positive oral secretions for each HOB assignment demonstrated a significant negative correlation (τ = -0.536, P = .008 at 30º and τ = -0.433, P = .03 at 45º).
Trendelenburg Use
The data were reviewed to determine pepsin results after use of the Trendelenburg position (HOB < 0º). On 4 occasions, patients had no secretions available the hour after Trendelenburg positioning. For 9 uses of the Trendelenburg position, (47) 12 (80) 3 (20) 10 (67) 5 (33) 4 (27) 4 (27) 3 (20) 3 (20) 1 (6) 8 (53) 3 (20) 3 (20) 1 (7) 11 (73) 2 (13) 2 (13) 13 (87) 2 (13) 1 (7) 1 (7) 3 (20) 8 (53) 1 (7) 1 (7) 7 (47) oral secretion and a pepsin-negative tracheal secretion (reflux, no aspiration); 2 instances resulted in pepsin-negative oral secretions and pepsin-positive tracheal secretions (aspiration without detected reflux). The results were examined for conversion from negative to positive after use of the Trendelenburg position. Specimens were not available at the start of the hour for 5 uses of the Trendelenburg position. On 5 occasions, a negative specimen converted to a positive specimen after the Trendelenburg position was used. On 3 occasions, specimens were positive before use of the Trendelenburg position and remained positive afterward.
Discussion
Previous research [13] [14] [15] [16] [17] [18] [27] [28] [29] demonstrated the difficulty with obtaining an HOB elevation of 30º to 45º. This study demonstrated that patients can maintain an HOB elevation of at least 30º. Maintenance at the assigned HOB elevation was achieved with the assistance of signs, the nurse researcher, and the digital display of the HOB angle. However, mean nighttime HOB elevation was greater than 30º without reminders. The gauge with HOB digital display remained on the bed rail. Beds with incorporated accurate digital measurement readings could provide a method to assist with HOB elevation of 30º or greater. Rose et al 17 reported that a bed measurement device initially improved HOB elevation to 45º. However, the device did not sustain HOB elevation at 45º through a 6-month period. Maintenance of the HOB at 30º was sustained throughout the 6 months.
In a survey, 27 ICU nurses identified the probability of the patient sliding down in the bed as the primary concern with HOB at 45º. In the current study, only 1 patient had problems with sliding at 45º. Helman et al 27 also cited patients' discomfort at 45º. Three patients requested that the HOB elevation be decreased to less than 45º for comfort, but each patient tolerated HOB elevation higher than 30º. The other 2 reasons cited in the survey included concerns over skin breakdown and hemodynamic monitoring. 27 No patients had any alteration in skin integrity. Turning patients regularly to prevent pressure ulcers has long been recommended. 30 However, in the side-lying position at 30º, interface pressures of 32 mm Hg or greater may occur. An interface pressure greater than 32 mm Hg is the point at which tissue hypoperfusion is believed to occur. 20 Therefore, regular repositioning is necessary. 31, 32 Pressure-relieving mattresses can prevent pressure ulcers in ICU patients. 33, 34 Despite the concern for pressure ulcer risk with HOB elevation greater than 30º, the current study demonstrated the safety of HOB elevation greater than 30º for 12 to 24 hours with pressure ulcer prevention measures.
In a descriptive study of cardiothoracic ICU patients, Ballew et al 29 reported that use of vasopressor medications and a mean blood pressure of 64 mm Hg were the strongest factors associated with a mean HOB angle less than 20º. Vasopressor use Researchers in several studies [47] [48] [49] reported that deeper sedation and a lower level of consciousness are risk factors for aspiration and ventilator-associated pneumonia due to diminished cough reflux with delayed or absent clearing of refluxed material. Gravity assists with clearance of reflux in upright positions. 1 The lower frequency with which oral secretions were obtained during the 45º hours may reflect gravity having facilitated clearing of refluxed material independent of sedation level.
The major limitation of the study was the small sample size and the short duration of data collection. Although reflux and aspiration were lower at 45º hours, the sample was underpowered to detect a significant difference. Further research is needed with a larger sample and for a longer period of time.
The sample included mainly obese patients, which may have prevented detection of differences in patients' characteristics and increased the frequency of reflux and aspiration. Last, the use of secretions from the oral cavity rather than the oropharynx was a limitation. Future studies should incorporate use of small, pliable suction catheters for oropharyngeal suctioning.
Implications for Practice
Despite the small sample size and the 36-hour study enrollment, several findings have implications for caring for gastric-fed patients receiving mechanical ventilation. First, patients can be maintained at HOB angles greater than 30º without sliding and without pressure ulcer development when turned regularly and maintained on low-air-loss mattresses. Most patients are comfortable with the higher HOB elevations. It is feasible to maintain patients at HOB angles greater than 30º for 12 to 24 hours. Although more research is needed, maintenance at 30º HOB elevation with use of vasopressor medications is achievable. Therefore, patients who require vasopressor medications should be assessed for blood pressure tolerance at higher HOB elevations rather than having their HOB automatically lowered because of administration of vasopressors or low blood pressure.
The association between higher mean HOB angles and decreased reflux at both 30º and 45º in this study provides initial evidence that elevation at 30º can be maintained even while patients require vasopressor medication support. Further investigation is needed.
No previous studies have examined intermittently lowering the head of the bed or use of the Trendelenburg position and gastric reflux. The findings suggest that overall mean HOB angle is more important in preventing reflux than intermittently lowering HOB. A bariatric repositioning algorithm describes use of the Trendelenburg position when pulling the patient up in bed, 35 which was the primary reason for Trendelenburg positioning that we observed. Use of the Trendelenburg position appears to lead to reflux and aspiration in gastric-fed patients. These initial results warrant further investigation of use of the Trendelenburg position.
Both reflux and aspiration occurred frequently. The lower percentage of pepsin-positive oral and tracheal secretions during the 45º hours is consistent with lower aspiration and pneumonia rates at higher HOB elevations compared with rates in supine patients. [7] [8] [9] [10] [11] [12] A larger sample size in the future may allow a significant difference to be detected.
One explanation for the high percentage of reflux and aspiration observed is the frequency with which secretions were obtained. In an animal study 36 with forced aspiration, pepsin was detected for up to 6 hours at decreasing levels. Researchers in future studies should measure the concentration of pepsin in micrograms, not merely the presence of pepsin in order to describe new reflux and aspiration events.
The correlation of BMI with reflux was not significant. Patients with morbid obesity had transient relaxations of the lower esophageal sphincter at a rate similar to patients with known gastroesophageal reflux disease. 37 Patients were expected to have a higher percentage of pepsin-positive oral secretions with increased BMI. The small sample size of predominantly overweight and obese patients most likely affected the BMI correlation results and the high percentage of reflux that we observed.
Previous research on GRV and aspiration yielded variable results because of the different methods used to detect aspiration and diagnose pneumonia. [38] [39] [40] [41] [42] GRV measurement with the syringe method is highly variable. [43] [44] [45] GRVs greater than 250 mL are associated with a higher rate of aspiration pneumonia. 40 However, researchers in a recent study 46 examined absence of GRV monitoring in gastric-fed patients receiving mechanical ventilation and reported no significant difference in the rate of ventilatorassociated pneumonia. The low number of GRVs of www.ajcconline.org
Patients can be maintained at HOB angles > 30° without sliding and without pressure ulcer development.
implies that gastric-fed patients should be maintained at the highest HOB elevation that the patient finds comfortable. This study provides further evidence that HOB elevation greater than 30º is an easy intervention for nurses to implement to reduce reflux and aspiration.
The use of Trendelenburg positioning appears to be a risk for reflux and aspiration and should be limited in practice for repositioning. Mechanical lifts can assist with repositioning patients without injuring health care providers. Nurses should consider oropharyngeal suctioning, gastric volume measurement, and suctioning of gastric secretions before use of the Trendelenburg position for procedures.
Oral secretions were obtained more frequently at 30º HOB elevation; thus patients who cannot be elevated more than 30º most likely require more frequent suctioning or assessment for volume of secretions being obtained to determine frequency of need for suctioning. Last, patients who are moderately to deeply sedated would benefit from HOB elevations of at least 30º to decrease reflux and aspiration. In particular subsets of patients, such as patients with traumatic brain injury, tradeoffs may be realized between HOB elevation, vasopressor use, pneumonia rates, and pressure ulcer development. It appears to be safe and therapeutically valuable to examine these issues.
